Background: Optimal surgical treatment of infective tricuspid valve endocarditis in patients with intravenous drug use (IVDU) remains controversial. Tricuspid valvectomy has been proposed for infective tricuspid valve endocarditis in this patient population given the inherent social concerns. The aim of this systematic review and meta-analysis was to compare outcomes of valvectomy versus replacement for the surgical treatment of isolated infective tricuspid valve endocarditis.
Introduction
Infective endocarditis is a disease with substantial morbidity and mortality (1) . The current opioid epidemic is associated with increasing rates of intravenous drug use (IVDU) and thereby, an increased incidence of tricuspid valve endocarditis with the number of cases roughly estimated to be 1.5 to 3.3 cases per 1,000 person-years in the United States (2) . Medical management for IVDU-associated infective tricuspid valve endocarditis remains the mainstay of therapy, with surgery reserved for cases of infective endocarditis complications, hemodynamic instability, failed medical therapy, persistent embolization or large perivalvular vegetations (3) .
Optimal surgical treatment of infective tricuspid valve endocarditis in patients with IVDU remains controversial and includes valve repair or replacement, as well as the removal of the tricuspid valve leaflets and chordae tendinae without replacement (valvectomy) (3) . Patients with IVDU infective endocarditis have been reported to have a 10fold higher risk of death or reoperation following surgical therapy compared to those without IVDU [hazard ratio (HR) 9.8, 95% CI, 2.7-35.3] (1). Although valve repair is the preferred option (3) (4) (5) , often patients with IVDUassociated tricuspid infective endocarditis present with extensive valvular destruction that precludes valvular repair. Tricuspid valvectomy has been proposed for infective tricuspid valve endocarditis in this patient population given the inherent social concerns with compliance to therapy, abstinence of IVDU and increased perioperative risk with reoperation of infected prosthetic valves (6) .
The aim of this systematic review and meta-analysis was to compare outcomes of valvectomy versus replacement for the surgical treatment of isolated infective tricuspid valve endocarditis.
Methods

Literature search strategy
Studies comparing tricuspid valvectomy versus valve replacement in patients with IVDU infective tricuspid valve endocarditis were identified through thorough electronic searches performed in September 2018 using Ovid Medline, Embase, Cochrane Central Register of Controlled Trials (CCTR), Cochrane Database of Systematic Reviews (CDSR), Web of Science, Scopus and Cumulative Index of Nursing and Allied Health Literature (CINAHL). To achieve the maximum sensitivity of the search strategy, we combined the terms: "endocarditis", "valvectomy", "valve replacement", "tricuspid", "infective endocarditis" as either key words or MeSH terms. The reference lists of all retrieved articles were reviewed and assessed for further identification of potentially relevant studies using the inclusion and exclusion criteria.
Selection criteria
Eligibility of studies for the present systematic review and meta-analysis was determined prior to commencement of data collection. These included those in which at least four patients with IVDU underwent either tricuspid valvectomy or valve replacement for the surgical treatment of their isolated tricuspid valve infective endocarditis. Studies including concurrent valvular pathology (non-isolated tricuspid valve infective endocarditis) were excluded. When institutions published duplicate studies with overlapping individual patient data, only the most complete reports were included for quantitative assessment at each time interval. All publications were limited to those involving human subjects and in the English language.
Data extraction
A quality assessment was performed on all studies included using the Newcastle-Ottawa Scale (NOS), recommended by the Cochrane Manual (7, 8) (Table S1 ). Since all studies had a NOS score 5 or higher, and none were of poor quality, sensitivity analysis was not performed. All data were extracted from article texts, tables, and figures by two investigators independently. Discrepancies between the two investigators were resolved by discussion and consensus. Where data were not available, attempts were made to contact corresponding authors to obtain the relevant data for the current study.
Statistical analysis
For dichotomous variables, a meta-analysis of proportions with logit transformation was conducted for the available main perioperative and postoperative variables. Continuous data were combined via meta-analysis with random-effects model. Heterogeneity was evaluated using Cochran Q and I 2 test. Odds ratio was the utilized effect measure. Subgroup analyses were conducted to compare baseline characteristics and outcomes of patients who underwent tricuspid valvectomy vs. replacement. Egger's regression test for funnel plot asymmetry was performed to assess 
Results
Study characteristics
Overall, 1,567 records were identified in the literature search. Following application of the inclusion and exclusion criteria, 16 studies containing 752 patients were included for analysis. Of a total of 752 patients with IVDU infective tricuspid valve endocarditis, 14% underwent valvectomy and 86% underwent replacement. A PRISMA flow diagram depicting the overall search strategy is provided in Figure 1 .
A manual search of references did not yield further studies.
Baseline demographics
Baseline patient demographics are shown in 
Operative outcomes
The overall follow-up time for both groups was 50 months [valvectomy, 21 months (95% CI, 0-109 months) vs. replacement 53 months (95% CI, 24-82 months)], with no statistically significant differences in follow-up time between the two groups (P=0.50). There were no differences in postoperative rates of major bleeding [valvectomy 8% (95% CI, 2-25%) vs. replacement 9% (95% CI, 3-23%), P=0.83], stroke [valvectomy 4% (95% CI, 1-11%) vs. replacement 3% (95% CI, 1-16%), P=0.85] or hospital readmissions [valvectomy 13% (95% CI, 0-84%) vs. replacement 22% (95% CI, 13-35%), P=0.72].
Patients who underwent valvectomy were more likely to have had prolonged ventilation time postoperatively [valvectomy 40% (95% CI, 30-51%) vs. replacement 26% (95% CI, 23-30%), P<0.01] ( Table 2) .
Postoperative right heart failure was 27% (95% CI, 10-53%) in the valvectomy group vs. 11% (95% CI, 5-25%) in the replacement group (P=0.17), recurrent endocarditis occurred in 7% (95% CI, 2-23%) of valvectomy vs. 19% (95% CI, 12-28%) in the replacement group (P=0.81) as shown in Figures 2,3 . Perioperative all-cause reoperation was 8% (95% CI, 2-25%) in the valvectomy vs. 15% (95% CI, 12-18%) in the replacement group (P=0.30). There was a trend towards higher rates of delayed reoperation for tricuspid valve replacement in the valvectomy group 56% (95% CI, 15-90%) vs. re-replacement after initial replacement 14% (95% CI, 7-27%; P=0.06) (Table 2, Figure 4 ). Freedom from reoperation at six months was Table 3) .
Mortality and survival
Postoperative 30-day mortality was 13% (95% CI, 5-30%) in the valvectomy group, and 7% (95% CI, 5-10%) in the replacement group, without statistical significance (P=0.21) (Table 2, Figure 5 ). Survival was comparable at six months (valvectomy 77% vs. replacement 83%; P=0.69) and one
year (valvectomy 77% vs. replacement 82%; P=0.70) ( Figure 6 ).
Discussion
The present systematic review and meta-analysis demonstrates a non-significant trend towards higher postoperative right heart failure and 30-day mortality, and lower recurrent endocarditis and all-cause reoperation in the valvectomy group. Six-month and one-year survival was comparable between the groups. Patients who underwent valvectomy had higher rates of prolonged ventilation and 
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As the majority of centers prioritize tricuspid valve repair, whereby valvectomy or valve replacement was only performed after attempts to repair were unsuccessful (10), we aimed to compare the outcomes of valvectomy versus valve replacement. Valvectomy without replacement results in massive tricuspid regurgitation and ventricularization of right atrial pressures as a result of a larger V wave (11, 12) . The advantages of valvectomy include the limitation of foreign material, avoidance of the need for anticoagulation therapy and lower risk of heart block necessitating a permanent pacemaker (10) . Significant right heart failure can develop in patients who undergo tricuspid valvectomy (11, 12) . Valve replacement with either a biological or mechanical valve exposes the patient to valve-related complications, heart block requiring a pacemaker and risk of recurrent endocarditis (11, 12) . We demonstrate that total tricuspid valvectomy without replacement can be a lifesaving measure in patients with IVDU and severe tricuspid lesions that can effectively eradicate the focus of infection with similar perioperative outcomes between the groups. Of note, at one year, freedom from reoperation was lower in the valvectomy group as compared to those who underwent replacement, however, this difference did not reach Study
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Heterogeneity: I 2 = 46%, τ 2 = 0.4942, p = 0.14 statistical significance. Lower freedom from reoperation would mean that either the tricuspid valve was replaced electively in those patients with valvectomy after completion of drug rehabilitation, or decompensation with heart failure between 9 and 12 months following valvectomy required tricuspid valve replacement.
In a single-center retrospective study comparing patients with IVDU-associated isolated tricuspid infective endocarditis, there were no differences in 30-day operative mortality, bleeding requiring reoperation, major stroke, prolonged ventilator time, intensive care unit and hospital length of stay between patients who underwent tricuspid valvectomy or replacement (13) . Furthermore, Protos et al. (13) demonstrated that patients who underwent tricuspid valvectomy had significantly lower unplanned hospital readmission rates at 1 year, compared to those who underwent replacement. An important recent study of surgical outcomes for isolated IVDU-associated tricuspid valve infective endocarditis, utilizing The Society of Thoracic Surgeons (STS) adult cardiac surgery database, and using a contemporary cohort of patients demonstrates that valvectomy was an independent predictor of operative mortality (14) . Prior reports have demonstrated that long-term survival without a tricuspid valve is feasible (up to 22 years) in the context of normal pulmonary artery pressures and/ or pulmonary vascular resistance (11, 15) . The lack of significant differences in perioperative outcomes, coupled with high prosthetic valve infection and readmission rates seen in patients treated with valve replacement at their initial operation, helps to establish tricuspid valvectomy as a useful bridge to staged valve replacement in this highrisk patient population. However, it is important to note that due to the lack of granularity in results, we were unable to evaluate for pre-operative left-sided heart function, pulmonary vascular resistance and pulmonary artery pressures which have been shown to predict the ability of the heart to withstand the absence of a tricuspid valve (11, 12) . Furthermore, our study may be underpowered to detect significant difference. Patients who undergo valvectomy were not at a disadvantage compared with those who underwent initial replacement. Tricuspid valvectomy can be a feasible option in patients with active ongoing IVDU, normal pulmonary pressure, normal biventricular heart function, high degree of valvular destruction and high risk of reoperation, recidivism and recurrence for infection (16) . Valvectomy with valve replacement as a staged procedure can allow patients to self-select in terms of their ability to maintain adequate follow-up, undergo detoxification and drug rehabilitation, optimize their social and financial situation, and demonstrate abstinence from IVDU prior to tricuspid valve replacement. Furthermore, the complete absence of the tricuspid valve with valvectomy can prevent recurrence of infection.
The decision of choice and whether to offer surgical therapy for patients with IVDU-associated infective tricuspid valve endocarditis is a complex one-with social considerations (willingness to abstain from IVDU, compliance with antibiotic therapy stable income, stable housing, detoxification and rehabilitation), clinical considerations (size of vegetations, extension of abscess, comorbid HIV and hepatitis C infection) and ethical considerations (prolong life expectancy, risk of recurrence, healthcare expenditures and resource allocation) (15) . IVDU is an independent predictor of death in patients with endocarditis and should be considered strongly in surgical recommendations for this complicated population (1, 13, 17) .
Prior literature suggests that addiction treatment for patients with infective endocarditis remains suboptimal (18) . Every interaction with a patient with IVDU should be looked upon as an attempt to educate and encourage cessation of drug use and to undergo detoxification or rehabilitation. Improved addiction interventions, signed agreements for abstinence and a multidisciplinary heartteam approach (cardiac surgeons, intensivists, internalists, infectious disease specialists, psychiatrists, social workers, addiction team, ethicists, etc.) in the decision-making process are imperative in both the medical and surgical management of IVDU-associated infective endocarditis, and cannot be understated. Optimal treatment of addiction combines psychosocial and financial supports, medicationassisted treatment and harm-reduction strategies including overdose education and naloxone distribution (18) .
In addition to surgical options of valvectomy or replacement, novel methods of percutaneous nonsurgical debridement of tricuspid valve vegetations are available: promising results from use of the AngioVac (AngioDynamics, Latham, NY) system with suction filtration on veno-venous extracorporeal bypass have been reported (19) . Further evaluation is warranted regarding this potentially paradigmshifting alternative to open heart surgery in this high-risk population.
Limitations
The present meta-analysis has several key limitations and must be interpreted with care. Due to sparse data and lack in granularity of the studies available, we were unable to stratify postoperative outcomes of valvectomy versus replacement for patients with IVDU infective tricuspid endocarditis based on septic pulmonary embolism, pulmonary hypertension, pulmonary vascular resistance and preoperative right and left heart function. Regional differences exist in patient selection, surgical techniques, preoperative, perioperative and postoperative management, medications, addictions counseling, rehabilitation and follow-up. Outcomes in patients' post-surgery as stratified by compliance, abstinence and continued IVDU was lacking in the included studies, and as such, the effect of this on outcomes was not assessed. It is possible that our study is underpowered to detect significant differences between groups. These limitations restrict the broader applicability of the results presented in this study. We acknowledge that this heterogeneity in study population is a fundamental limitation that cannot be addressed due to inability to extract sufficient detail from the pooled data. Publication bias as well as the small number of patients limits the statistical power of the analysis.
Conclusions
Tricuspid valvectomy is an acceptable initial therapy for infective tricuspid valve endocarditis in patients with IVDU as a bridge to identify those who will self-select themselves as candidates for staged valve replacement. There is a need for high-quality prospective data on the surgical management of IVDU-associated isolated infective tricuspid endocarditis.
